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Abstract 
Time, cost and quality are the three focused criteria in product development projects. While the factors time and costs can already 
be tracked very well during the entire course of a project through existing project management methods, the factor quality is by far 
more difficult to control. How mature the expected final product in the different development phases is, organizations seldom 
analyze systematically. Existing product maturity models and methods are mainly developed towards the needs and conditions of 
large companies within the automotive industry and therefore are found to be very complex and time-consuming to implement. 
This paper deals with the question to which extent existing quality methods are suited to monitor the product maturity during the 
development process of physical products. Based on established methods a new model is developed to calculate the product 
maturity during the development process with as less additional effort as possible. One characteristic value, which thereby highly 
influences the product maturity, is the uncertainty of the used decision data basis in terms of expert knowledge, technical 
simulation results or test results during the development process. The article ends with a practical validation of the new method, 
performed in an innovative, small and medium-sized company.  
© 2016 The Authors. Published by Elsevier B.V. 
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1. Motivation 
Quality is the „degree to which a set of inherent 
characteristics of an object fulfills requirements” [1]. That 
means, transferred to the case of product development: quality 
is the degree to which the developed product fulfills the 
demanded requirements. The latter thereby consist of 
customer requirements, producer requirements, legal 
requirements etc.. This statement corresponds with the 
definition of a product maturity degree. Paetzold describes the 
product maturity degree as the degree of conformance of 
customer requirements and additional requirements from 
engineering view [2]. 
For physical products, it is rarely possible to validate the 
fulfillment of requirements before late product development 
phases, when example prototypes or physical tests exist. But 
especially in the early development phases this knowledge is 
crucial. Approximately 70% of the product manufacturing 
costs are already defined in these stages and product changes 
are far cheaper in early phases and require less effort than in 
later phases [3]. Furthermore, with product design 
determination the foundation for fulfillment of requirements is 
given. Hence it is important to assess the expected product 
maturity in early phases already and to conduct this 
assessment continuously throughout the different development 
phases. 
The main problem focused in this paper is that existing 
product maturity models and methods are mainly developed 
towards the needs and conditions of large companies and 
therefore are found to be very complex, branch-specific and 
time-consuming to implement. So particularly in small and 
medium-sized enterprises (SME) product maturity 
assessments thus far have not found wide acceptance. Hence 
the underlying idea of this paper is to utilize already existing 
and in enterprises implemented quality methods for a product 
maturity assessment. Based on this, a self-explanatory, 
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efficient and intuitive maturity evaluation is introduced. For 
that purpose, it is important to analyze first which common 
quality methods are suitable for monitoring of the 
development process of physical products. Then based on 
these methods a new model is developed to calculate the 
product maturity during the development process starting in 
early phases with as less additional effort as possible. 
In this way the basic prerequisite is created to establish 
product maturity models broadly in practice and hence to 
support enterprises in optimizing their development process 
through faster detection of or even prevention of failures and 
thus mitigation of resulting costs. 
2. Maturity Models in Product Development 
Maturity models are mainly known in the area of process 
assessments. Such models exist for different topics, and with 
CMMI-DEV there is even a model available to assess 
development processes [4]. But these models focus 
completely on process quality instead of product quality. 
Mature processes are indeed an important attribute to develop 
mature products [5], but they affect the product maturity only 
indirectly. Therefore, process maturity models and also 
project maturity models, as the “Technological Readiness 
Level” of Mankins [6] and the “Maturity Level Assurance for 
New Parts” of the German Association of the Automotive 
Industry [7] are not considered in this paper. Only a few 
models facilitate a direct product maturity assessment in 
product development [8,9,11]. 
Model for product maturity monitoring [8]: This model 
consists of different maturity degrees. The product maturity 
degree indicates the number of fulfilled requirements on the 
basis of released parts compared to the total number of 
requirements. This degree changes very late in the 
development process, so there is also a concept maturity 
degree defined, which is based on the requirement fulfilment 
in the product concept phase. Furthermore, there is a 
development maturity degree, which combines the weighted 
concept and the weighted product maturity degree. In 
addition, a digital mock-up maturity degree is defined that is 
scaled in percent and is depending on concretization level of 
the product [8]. 
Model of a product maturity degree map [9]: This model 
determines the product maturity degree based on the use of 
validation methods. Two overall maturity degrees are defined. 
The first degree is a digital maturity degree consisting of a 
model maturity degree, which presents the suitability or 
abstraction of the model and a data maturity degree, which 
illustrates the accuracy of the model. The second degree is the 
real maturity degree consisting of a production maturity 
degree, which shows the accordance of the prototype 
production processes with the serial production processes and 
a test maturity degree, which represents the differences 
between the prototype test procedures and the serial test 
procedures [9,10]. 
Model for iteration and product maturity management [11]: 
This model describes in 20 steps a guided development 
procedure beginning with the definition of functional product 
requirements and ending with the evaluation of the overall 
product´s behaviour. For every step between two and seven 
product maturity indicators are defined, for example named 
product properties in the specification sheet related to all 
identified product properties or the number of covered 
functions with the subsystem related to all required functions 
of the subsystem. In this way a total of 86 product maturity 
indicators must be tracked in the development process to 
monitor the product maturity [11,12]. 
These introduced models offer promising approaches for 
product maturity assessments, but due to their complexity 
even the authors of these models do not recommend them for 
an easy and intuitive use in SMEs [11]. They are time-
consuming and therefore only for very complex products 
lucrative. All of these models use different values to assess the 
product development process, but for the usability in SMEs it 
is more practical, to have one overall product maturity value. 
Furthermore, the underlying methodology should be based on 
already known quality methods, to simplify the 
implementation of the product maturity assessment in SMEs.  
For the development of the innovative product maturity 
model based on existing quality methods at first all 
requirements for a direct product maturity system were 
analyzed, which were obtained from previously described 
works of different authors [8,9,11].  Furthermore, in the 
course of the research project RAPIDO nine enterprises were 
interviewed concerning their requirements. The collected 
requirements were evaluated and key requirements elaborated. 
It was identified, that the most important and basic 
prerequisite was that the expected maturity and quality of the 
whole developed product should be control- and presentable 
in the different development phases as an integral part of the 
product maturity system. It must be underlined that the 
product maturity assessment should be done continuously for 
the whole product and during the entire development process. 
Another essential requirement is the simple manageability and 
low maintenance of the methodology. The model’s ease of 
use is essential for consequent application during the whole 
development process and for all development projects. This 
requirement is even more crucial for acceptance in SMEs. 
Therefore, in the following chapter this requirement will be 
focused and a new innovative product maturity model based 
on existing quality methods will be elaborated. 
3. Quality Methods for Product Maturity in Development 
Processes 
First of all, it has to be analyzed, which widely-spread 
quality methods provide useful information for a product 
maturity model. Methods which support the monitoring and 
improvement of development processes should be considered 
in favor of methods which affect the actual development work 
and idea generation. Also methods which ensure proper 
function or avoid failures are not crucial for the overall 
product maturity system, but for several specific development 
challenges. 
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Figure 1: Categories of Quality Methods depending on their usability in 
the product development process 
Figure 1 shows the collection of commonly known and 
widely-spread quality methods grouped in categories related 
to their usage purpose and their degree of relevance for 
product maturity determination.  
The methods in category 4 are suited to assess the product 
development process, because all these methods provide 
information about the quality level of the entire product and 
besides can be used in several phases of the product 
development process. Thus, they consequently fulfill the basic 
requirements for the support of a product maturity degree 
system. Therefore, these methods will be focused during the 
further research process. 
4. Product Maturity Degree System - RAPIDO 
The RAPIDO model’s starting point in a development 
process can be as soon as all initial requirements for the 
development product are defined. The basis of the product 
maturity methodology is the systematical and continuous 
evaluation of the requirements during the whole development 
process. Methods like Milestone Analyses, Quality Gate 
Systems or Design Reviews lead to an estimation of the 
product maturity only at specific points of time in the design 
project. But the resulting ratings show only a snap shot and do 
not reflect the real trend of the product maturity degree [13]. 
Also, methods like the Failure Mode and Effect Analysis 
(FMEA) or the execution of simulation methods or physical 
tests only show the status at a specific point of time in the 
design project and provide information about certain functions 
or components of the development product. They do not 
assess the maturity of the whole product with all belonging 
requirements. 
With RAPIDO however a model is created to integrate and 
adapt the different methods, so that the trend of the product 
maturity degree is available at all times in the development 
process, see Figure 2. That helps to intervene immediately 
when deviations occur, and not to wait until major deficits 
become obvious at the next Design Review, FMEA meeting 
or Quality Gate.  
4.1. Requirements Life Cycle 
Once the requirement specification is available, usually all 
initial requirements for the product are precisely defined, so 
the RAPIDO methodology can be used. A common procedure 
in a development project is that a team of experts decides if 
the requirements are expected to be accomplishable and thus 
the project shall be executed. For example, the team may 
analyze whether a given surface roughness is achievable with 
existing production methods or if new innovative solutions 
are necessary and whether they seem feasible. The given 
procedure for the requirements assessment in the early 
development phases is seized and adapted for the RAPIDO 
maturity methodology.  
In the first phase of RAPIDO a so-called Requirements 
Life Cycle is generated. It is comparable with the Test 
Planning method, which is already used in many enterprises, 
but the Requirements Life Cycle has an enhanced purpose. 
Test Planning ensures a review of the respective product 
components and functions with a proper method at the right 
time [14]. For the Requirements Life Cycle a team of experts 
analyzes at the beginning of the development project for every 
requirement in which way it can be controlled and reviewed 
in the different project phases. Later the team can review the 
progress against this plan. It is advantageous that not only 
tests are taken into account, but also validation techniques in 
early development phases like Design Reviews for certain 
requirements or simulation methods. 
4.2. Assessment Criteria 
After creation of the Requirements Life Cycle the 
requirements have to be assessed for the first time. This 
assessment is repeated in the development project as 
frequently as reasonably possible to display a detailed trend of 
the maturity degree over the course of the project.  
The requirements are assessed on the basis of the following 
three criteria: 
x Significance index (B) 
x Uncertainty of requirement fulfillment (U) 
x Uncertainty of the used decision data basis (A) 
Figure 2 : Integration of Quality Methods in RAPIDO
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These three criteria are related to the FMEA and DRBFM 
concerning their meaning, their parametrization and their 
assessment methodology. Thus, an intuitive assessment is 
possible for all enterprises which are familiar with those 
methods already. However, in the FMEA, a risk priority 
number (RPZ) is calculated from the criteria severity, 
probability and detection. In contrast, in the RAPIDO model 
the three defined criteria are used for the maturity assessment. 
Below the three RAPIDO criteria are explained in more detail. 
Significance Index (B) 
The significance index expresses how important a 
requirement is for the success of the development project and 
its organization. Table 1 column 2 shows possible 
classifications. 
Uncertainty of Requirements Fulfillment (U) 
This criterion specifies the probability of fulfillment of a 
requirement based on the current product concept/ 
development status and the actual estimation of the team 
members. An exemplary rating is shown in Table 1 column 3. 
Uncertainty of the Used Decision Data Basis (A) 
The third criterion highlights one of the biggest challenges 
in development projects. Development projects are 
characterized by high uncertainty [15]. Especially in early 
development phases uncertainty is very high, because at the 
beginning of the project the product concept may be unclear, 
use cases are not yet known or requirements are elicited too 
vague. In the course of the development the available 
information increases and uncertainty decreases. This fact has 
to be taken into account in the assessment of the requirements. 
In early phases the product concept is not completed and an 
engineering drawing does not exist yet, so simulation methods 
or tests are difficult to conduct. Therefore, often only experts 
can estimate, if a requirement is likely to be accomplishable. 
The experts have limited information available for this 
decision, so the prediction is associated with a relatively high 
degree of uncertainty. In later development phases first 
simulations are possible based on e.g. engineering drawings. 
Thus the relative uncertainty of the used decision data basis in 
this phase is much lesser. That is the reason why the level of 
uncertainty differs depending on available information and the 
used validation technique, leading to a different parameter 
value. But there are also different gradations within the same 
type of validation technique. For example, a prototype test has 
typically a higher uncertainty than a test with serial parts. 
Enterprises should choose the rating scale for this criterion 
individually, because it depends on the used validation 
techniques and on the trust in such techniques. Table 1 column 
4 shows an exemplary classification of a midsized mechanical 
engineering company.  
An enterprise should define the precise classification 
schema once and then use this schema for all development 
projects. In this way the assessment methodology becomes 
transparent and projects within a company are comparable 
with each other.  
 
Table 1: Rating scale for the three RAPIDO criteria 
Rating 
scale 
Significance 
Index          
B [0-10] 
Uncertainty of 
Requirements 
Fulfillment U [0-10] 
Uncertainty of 
the used 
decision data 
basis A [0-10] 
0-3 “Nice to 
have” 
requirements 
Requirement presumably 
accomplishable, 
test/simulation passed 
Test 
4-7 Intern 
requirements 
Requirement fulfillment 
uncertain 
Simulation 
8-10 Customer or 
legal 
requirements 
Requirement presumably 
not accomplishable, 
test/simulation failed 
Expert 
knowledge 
 
The subdivision within a class of validation methods 
depends on their assorted characteristics as shown in the 
pyramid of Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
As soon as all requirements have been assessed based on 
the three criteria, it is possible to determine the maturity 
degree for the whole product. 
4.3. Assessment Procedure of RAPIDO 
For the process of the requirements assessment with these 
three criteria the Design Review method can be adapted. A 
Design Review is a formal and systematic verification of the 
development status, to ensure the fulfillment of all defined 
requirements. A team of experts assess the design status on 
the basis of company individual checklists [16]. The RAPIDO 
requirements assessment can be integrated in an existing 
checklist for design reviews or replace such a list.  
The results of a Design Review are edited checklists with 
actions to be taken. The RAPIDO assessment provides 
additionally a meaningful and comparable index, which 
reflects the actual status of the development product – the 
product maturity degree. The real product maturity degree 
MLreal is calculated in compliance with equation (1), with n 
being the number of evaluated requirements.  
¦¦   
 n
i i
i
n
i
ii
real
B
BUAML
1
1
10
2
100[%]                  (1) 
Figure 3: Pyramid of Validation Methods
               C ĺ validation rate ௜ܸ [%] = 100-C
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Figure 4: Requirements Life Cycle (excerpt)
Every re-evaluation of requirements changes the maturity 
degree. The product maturity level normally increases with 
the progress of the development project, but it is also possible 
that a drop of the maturity degree occurs, for example because 
of failed tests, wrong assumptions or changed requirements.  
A product maturity degree of 100% means that all 
requirements are accomplishable with the developed product 
and at the same time no more uncertainty of the used decision 
data basis exists, for example by passed field tests. This is the 
target value every enterprise should aim for before market 
launch.  Besides the target value of 100% it is useful to define 
target values for each phase. These targets can be deduced 
mainly from the Requirements Life Cycle. There planned 
validation methods for every requirement in the different 
project phases are defined. In the course of the project 
sometimes planned actions and tests are skipped due to time, 
costs or capacity limitations, thus the uncertainty of the used 
decision data basis is higher than planned. While the actual 
product maturity degree is calculated on the basis of 
uncertainty of used validation methods (A), the theoretical 
value should be calculated based on the uncertainty of planned 
and useful validation methods (Ap) as in equation (2). Thus, 
the possible degree of product maturity MLA,p is higher than 
the real degree of maturity, if not all requirements were 
validated with the planned validation methods. 
¦¦   


 n
i i
i
n
i
iip
pA
B
BUAML
1
1
,
, 102
100[%]               (2) 
If the value of MLA,p is larger than MLreal, planned and useful 
validation techniques should be executed to decrease the 
uncertainty of the used decision data basis.  
In addition to the specific selection of the validation 
techniques also the choice of the product concept influences 
the product maturity degree. Especially in early phases of the 
development different ideas, concepts and possible solutions 
are available to fulfill the product requirements. There could 
be for example a solution which fulfills the requirements 
much better, but is not preferred due to higher costs. Such 
cases influence a theoretic possible maturity degree, because 
they decrease the uncertainty of requirements fulfillment (U), 
leading to another degree of product maturity MLU,p with the 
decreased uncertainty value (Up). 
¦¦   


 n
i i
i
n
i
ipi
pU
B
BUAML
1
1
,
, 102
100[%]              (3) 
If the value of MLU,p is larger than MLreal, it should be 
checked, if solution optimizing changes have a good cost-
benefit value and therefore should be preferred.  
With these maturity values an enterprise is able to monitor 
the real maturity degree of the developed product. 
Furthermore, it is able to gain further insights from 
comparison with the two phase-specific target maturity values 
MLA,p and MLU,p during the whole development process. If 
larger deviations occur, the enterprise is able to intervene in 
time, which can be easily broken down to specific 
requirements and tasks. Furthermore, the validation rate, 
which is calculated for every requirement, indicates which 
requirements have the highest potential for optimization in 
order to achieve the required product maturity and quality at 
the end of the development project. 
5. Validation of RAPIDO 
The RAPIDO assessment was validated with a German 
SME from the mechanical engineering sector. For the 
developed product more than 100 requirements were defined, 
which had to be rated with the RAPIDO procedure in the 
different development phases to receive the monitoring of the 
product maturity degree. To demonstrate the procedure in this 
paper three exemplary requirements are picked out. First the 
Requirements Life Cycle was created by the development 
team at project start, as seen in Figure 4. 
 The three requirements were evaluated every time changes 
occurred (at least however for each milestone) throughout the 
development project, using the three presented criteria. 
Figure  5 shows the assessment with the resulting product 
maturity degrees at an early stage of the Design phase. 
In this early development phase limited information is 
available (for example no complete engineering drawing), so 
the decision data basis for all requirements is primarily based 
on expert knowledge, which is surrounded by a considerable 
degree of uncertainty (A7). RE3 is a requirement that has 
been implemented in comparable projects and therefore is 
considered to be likely attainable (U=1). By contrast, RE1 is 
evaluated to be hard to fulfill (U=8), because of the planned 
product concept (new design, unfamiliar use scenario). The 
criticality of this requirement is also expressed by the low 
validation rate (V=20%). In this way the developer knows, 
which requirements particular attention must be paid in the 
Figure 5: Product Maturity Assessment in Design Phase
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development project and critical points become obvious at an 
early stage. The overall product maturity degree is still low at 
41,30% and could only be increased to 44,35% in this phase 
with the planned Computational Fluid Dynamics (CFD) 
simulation (ܣ௉=6). 
In comparison Figure 6 shows the assessment for the 
Prototype phase, in which first design types were already 
created.  
The planned CFD simulation for RE1 was done and has 
shown that the chosen materials are right (U=2). Prototype 
testing could lead to additional certainty (ܣ௉=3), which was 
already done for RE3. In this phase the product maturity 
degree is 63,48%, which could be increased with the prototype 
test or a constructive optimization for RE3. 
In this way the RAPIDO assessment was applied to all 
requirements and thus resulted in an excellent overview with 
less maintenance effort in the different development phases. 
The comparison of real maturity level and target maturity 
levels indicated continuously if the project was on target or if 
it was necessary to intervene because of deviations. 
6. Conclusion 
In times of increasing product complexity and rising 
customer and quality requirements, monitoring of product 
maturity to reduce development costs and increase efficiency 
becomes more and more important. In this paper a maturity 
model has been described, which is easy and intuitive to use, 
because it is based on existing and compatible with widely-
spread quality methods, like FMEA or Design Review.   
The validation of RAPIDO in a SME showed that the 
underlying procedure supports enterprises in controlling their 
development progress with the product maturity level in an 
efficient way. Nevertheless, further research is still needed to 
systematize the ratings of the criteria significance index, 
uncertainty of requirements fulfillment and especially 
uncertainty of used decision data basis. Furthermore, research 
investigations have shown that enterprises differ very much 
concerning their purpose in the product development and thus 
also the needs for a supporting product maturity assessment 
differ. Therefore, RAPIDO must be validated in different 
enterprises to create a universal procedure on a modular 
principle to satisfy the individual needs for a product maturity 
assessment. 
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